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Descripti n 

BACKGROUND OF THE INVENTION 

5 1, Held of the Invention 

[0001] The present invention relates generally to methods and apparatuses which are utilized for the production of 
ophthalmic lenses, and more particularly, pertains to a method for the removal or demolding of molded ophthalmic con- 
tact lenses from the individual molds in which they are produced. Moreover, the invention is also directed to the provi- 
w sion of novel apparatus for implementing the demolding of such ophthalmic lenses, the latter of which may consist of 
suitable hydrogel contact lenses or other types of high-precision ophthalmic lenses; for example, such as intraocular 
contact lenses, and wherein the apparatus is especially suited for implementing the inventive lens removal or demolding 
methods. 

[0002] The phenomenal growth of the industry which is engaged in the manufacture of the evermore popular ophthal- 
15 mic contact lenses, especially the aspects of the industry which pertains to the supplying of contact lenses which are 
intended for frequent periodic replacement by a wearer, has dramatically increased the need for the mass-production 
of immense quantities of such lenses which are of a consistently high quality while being inexpensive to produce. Con- 
sequently, commensurate with the foregoing needs of the industry, this has necessitated manufacturers of such lenses 
to strive for the development of automated methods and apparatuses which are particularly adaptable to high-speed 
20 automated production practices, and which perform with consistency at adequate degrees of accuracy or precision in 
a highly cost-effective and consequently economically viable manner. 

[0003] Pursuant to the currently developed technology which is concerned with the production of ophthalmic lenses, 
particularly such as soft contact lenses of the hydrogel type, there is normally utilized a monomer or monomer mixture 
which is polymerizable in a plastic mold. Generally, although not necessarily, the material for the ophthalmic contact 
25 lenses is selected from a suitable hydrophilic material, preferably a monomer to form a so-called HEMA-based polymer 
(hydroxyethylmethacrylate), although other suitable polymerizable monomers may also be employed for the lenses, as 
discussed further on hereinbelow. 

2. Discussion of the Prior Art 

30 

[0004] Direct molding processes which are typically employed pursuant to the current state-of-the-art for the forming 
of soft hydrogel ophthalmic contact lenses may be readily found; for example, in the disclosures of U.S. Patent Nos. 
5.080,839 to Larsen; 5,039,459 to Larsen et al.; 4,889,664 to Larsen et aL; and 4,495,313 to Larsen. As elucidated in 
the above-mentioned U.S. patents, the processes for the forming of the soft ophthalmic contact lenses may include the 

35 steps of dissolving a monomer mixture and a non-aqueous, water-displaceaWe solvent, and thereafter placing the mon- 
omer and solvent mixture in a mold providing a mold cavity which is in the configuration of the finally desired hydrogel 
contact lens. Subsequently, the monomer and solvent mixture is subjected to physical conditions causing the monomer 
or monomers to polymerize, thereby producing a polymer and solvent mixture in the shape of the final hydrogel contact 
lens. After completion of the foregoing procedure, the solvent is displaced with water in order to produce a hydrated lens 

40 whose final size and shape are similar to the configuration of the original molded polymer and solvent article. 

[0005] Basic molds which are utilized for receiving the polymerizable monomer feed material for the forming of the 
lenses are disclosed, for example, in U.S. Patent Nos. 5,094,609 to Larsen; 4,640,489 to Larsen et al.; and 4,565,348 
to Larsen. Ordinarily; for instance, as disclosed in U.S. Patent No. 4,640.489, the mold which is employed consists of a 
two-piece mold having a female mold portion with a generally concave lens surface, and a male mold portion having a 

45 generally convex lens surface; and which is adapted to mate with the female mold portion, with both mold portions being 
preferably constituted of a thermoplastic material, such as polystyrene. As disclosed in the above-mentioned U.S. pat- 
ent, polystyrene and copolymers thereof is considered to be a preferred mold material inasmuch as it does not crystal- 
lize during cooling of the hot melt which is utilized to form the lenses, and consequently exhibits little or no shrinkage 
when subjected to the processing conditions necessitated during the direct molding process, as discussed herein- 

50 above. Alternatively, there may also be used suitable molds which are constituted of polypropylene or polyethylene; in 
essence, such as are described in specific detail in the disclosure of U.S. Patent No. 4,1 21 ,896. 
[0006] During the implementation of the molding process, the monomer and monomer mixture is supplied in an 
excess amount to the concavity of the concave female mold portion prior to the mating of the female and male mold 
portions. During the assembly of the male and female mold portions, which would conjointly define therebetween the 

55 lens-forming cavity between the concave and convex mold portions of the mold, and also provide for a perimetral lens 
edge, excess monomer or monomer mixture is expelled or squeezed out from the mold cavity and comes t rest on a 
flange or between flanges which surround one or both of the mated mold portions. Upon polymerization, this excess 
material which is derived from the monomer or monomer mixture produces an annular flange or ring of the HEMA- 
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based material which is employed for producing each of the contact lenses so as to extend about the formed lens exter- 
nally of the mold cavity between the flange structure of the mated male and female mold portions. In accordance with 
the disclosures of the above-referenced U.S. Patent Nos. 5,039,459; 4,889,664; and 4,565,348, there is set forth the 
requirement that the materials for the mold and lens, and the chemistry and physical processes which are implemented 
5 during the molding sequence be controlled in a manner whereby the mated mold portions may be readily separated 
without the necessity for having to apply an undue force, which at times may be necessitated when the molded lens 
adheres to the lens mold, or in the event that the mated mold portions exhibit a tendency to stick to each other subse- 
quent to the polymerization of the lens material. 

[0007] Taking the foregoing into consideration, the processes pursuant to the prior art which are employed for sepa- 

w rating the mold portions and for removing the molded lens therefrom, essentially comprise a preheating stage, a heating 
stage, and a physical or mechanical prying open and separating of the mold portions, and thereafter a lens removal pro- 
cedure. The preheating and/or heating stage employed in the above mold separating and lens removal process con- 
templates the provision of applying heat to the back mold portion, normally the male or convex mold portion, generally 
through the application of a heated air stream, by means of convection. Inasmuch as the adhesive force which is 

is present between the molded lens and a mold surface is a function of temperature; in effect, a higher temperature leads 
to a lower adhesive force. Accordingly, a temperature gradient across the lens can thus be used to keep the lens pref- 
erentially adhering to one mold half. This effect is at its greatest in the presence of a maximum thermal gradient. 
[0008] More recent techniques which have been developed, or are currently in the process of being developed for the 
achieving of a temperature gradient between the male (back) lens mold portion and the contact lens, include processes 

20 involving laser lens demolding technology, such as is described in the European Patent Application no. EP-A-0 588660, 
and in copending contemporaneously filed case VTN-75 (see item 3 on the attached Concordance); or through the 
implementation of steam impingement in order to generate the necessary temperature gradient, as described herein 
and in copending contemporaneously filed case VTN-82 (see item 10 on the attached Concordance); and wherein the 
disclosure of the above-identified applications are incorporated herein by reference. 

25 [0009] At the present time, the procedure of physically prying apart the mated lens mold portions which contain the 
polymerized contact lens in a molding cavity which is located therebetween is adapted to be accomplished by the appli- 
cation of mechanical leverage, whereby the leverage or prying action may be implemented automatically from one side 
of the mated lens mold portions. 

[0010] For example, the disclosure of U.S. Patent No. 4,889,664, referred to hereinabove, discloses a test fixture 
30 which is employed to measure the forces which are required in order to open or separate the mated mold portions. The 
test fixture discloses a holding fixture for retaining the bottom half of the lens mold, and a lever structure which is posi- 
tionable between the top mold half portion and the bottom mold half portion, and which engages the former so as to 
enable prying the top half mold portion away from the bottom half mold portion at a controlled rate of mold separation. 
Generally, such lever structure for prying apart the lens mold portions consists of a plurality of prying fingers which 
35 engage beneath the flange structure encompassing the upper mold half portion, the latter of which generally defines 
the back curve of the lens which is being molded, and the vertical lifting force imparted to the upper mold half portion 
by the therewith engaged prying fingers is normally sufficient to disengage the mating mold portions so as to enable 
separation thereof and afford access to the contents of the mold cavity; in effect, the molded ophthalmic contact lens. 
Since the prying is ordinarily effected from one side of the flange structure of the upper or back curve mold half portion, 
40 and the opposite side is unsupported, the back mold half portion tends to pivot on the bottom or front curve mold portion 
so as to squash the material at the edge of the lens contained therebetween. This is potentially a source of possible 
damage being imparted to the contact lenses during moid separation, rendering the lenses unusable and the lens man- 
ufacturing process economically not viable for mass production techniques. 

45 SUMMARY OF THE INVEHTION 

[001 1 ] In order to further improve upon the mechanical prying apart of such mating mold half portions, and to facilitate 
this procedure at a reduced application of force, while concurrently potentially preventing or at least appreciably amel- 
iorating the extent of any possible sticking together of the mold half portions, the mechanical leverage applied to the 

so upper mold half portion, in addition to the application of the heating action thereto, either through steam, infrared lamp 
or laser impingement, contemplates imparting a motion to the prying finger relative to the perimeter of the upper mold 
harf contacted thereby so as to apply a predetermined pattern of motion to the prying fingers engaging the flange of the 
upper mold half while concurrently effectuating the lifting action. This, in essence, causes the upper mold half portion 
to be gradually separated from the lower mold half portion at a controlled varying rate and at a specified angular orien- 

55 tation therebetween, ensuring that the separation between the mated mold half portions may be implemented in the 
most advantageous and expedient manner, while concurrently reducing or even completely inhibiting the danger of any 
potential damage being encountered by the mold half portions and the molded lens in carrying out this particular lens 
demolding procedure. 
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[0012] Accordingly, It is an object of the present invention to provide a method for facilitating the expedient and uni- 
formly controllable separation of mating contact lens mold portions which have a contact lens formed in a mold cavity 
located therebetween in the absence of damage being encountered by the lens or mold components during the lens 
demolding procedure. 

5 [0013] Another object of the present invention resides in the provision of a lens demolding method of the type 
described herein whereby the separation of the upper mold half portion from the lower mold half portion is implemented 
in an angular or tilted lifting orientation by controlling the mechanical leverage exerted against the upper mold half por- 
tion in a predetermined rotational or vertical operative lifting pattern extending about the perimeter of the lens mold. 
[001 4] A further object of the present invention is to provide a method of implementing the separation between mating 

w mold half portions of the lens mold in the absence of any excessive environmental heating or uneconomical use and 
potential waste of energy during the implementation of the mechanical mold separation process. 
[001 5] Yet another object of the present invention resides in the provision of an apparatus for implementing the mold 
separating process as described hereinabove. 

[001 6] A more specific object of the present invention relates to the provision of an apparatus for implementing a sep- 
15 aration process between mating mold half portions having an ophthalmic hydrophilic contact lens formed in a molding 
cavity located therebetween, in which the apparatus includes a mechanical leverage-exerting fixture for engaging the 
periphery of an upper mold half portion in a predetermined rotational pattern of lifting movement extending about the 
lens mold concurrently with the generation of a temperature gradient so as to facilitate the controlled separation 
between the mold half portions while minimizing the risk of any potential damage being encountered by the mold parts 
20 and the contact lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] Reference may now be had to preferred embodiments of apparatuses for the demolding of ophthalmic contact 
25 lenses from mold assemblies each consisting of mating upper (back curve) lens moid halves and lower (front curve) 
lens mold halves, taken in conjunction with the accompanying drawings; in which: 

Figure 1 illustrates, generally diagrammatically, an overall side elevational view of a lens demolding and mold sep- 
arating apparatus pursuant to the invention; 
30 Figure 2 illustrates a plan view of the apparatus of Figure 1 ; 

Figure 3 illustrates a top plan view of one embodiment of a front (or female) curve mold half for molding a contact 
lens; 

Figure 4a illustrates a side elevational sectional view of the front curve mold half taken along line 4-4 in Figure 3; 
Figure 4b illustrates, on an enlarged scale, the encircled portion of Figure 4a; 
35 Figure 5 illustrates a top plan view of a back (or male) curve mold half adapted to mate with the front curve mold 
half of Figures 3 and 4; 

Figure 6 illustrates a side elevational sectional view of the back curve mold half, taken along line 6-6 in Figure 5; 
Figure 7 illustrates a top plan view of a pallet which is employed to transport a plurality of contact lens molds 
throughout a contact lens production facility; 
40 Figure 8 illustrates a cross-sectional view of a pair of assembled mold halves constructed pursuant to Figures 3 
through 6, shown supported and registered in a pallet cavity; 

Figure 9 illustrates, in a sectional end elevational view, a portion of the demolding apparatus which is employed for 
mechanical prying apart or separating the mold halves; 

Figure 10 illustrates a plan view, partly in section, taken generally along line 10-10 in Figure 9; 
45 Figure 1 1 illustrates diagrammatically the mold halves in the process of being separated; 

Figure 1 2 illustrates, on an enlarged scale, a portion of the mold halves separating structure, shown in the encircled 
portion A of Figure 9; and 

Figure 13 illustrates a bottom view of the pry fingers of the structure shown in Figure 12. 

SO DETAILED DESCRIPTION 

[0018] Referring in specific detail to the drawings, shown in Figures 1 and 2 is a demolding module or apparatus 10 
for the separation of mold halves employed in the forming of ophthalmic contact lenses, as described in detail herein- 
below. 

55 [0019] The module or apparatus 10 is adapted to be a constituent of a lens production line, such as is described in 
detail in copending contemporaneously filed case VTN-92 (s e item 18 on the attached Concordance). Th apparatus 
1 0 includes a fram structure 12 having support legs 1 4 on which there is located a platform 16. Positioned on the plat- 
form or surface 16 is a transport conveyor system 18, with the apparatus 10 being enclosed within a suitable housing 
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19, as described in the above-mentioned application, along which system pallets 20 each supporting a plurality of con- 
tact lens molds are adapted to be advanced, preferably in a double line formed by a dual-walking beam arrangement 
extending in a parallel relationship. 

[0020] The demoting apparatus 10 is located downstream of a curing oven arrangement 22 for polymerizing the 

5 lenses located in the mold assemblies during movement of the pallets 20 along their paths of conveyance, and also pro- 
vides for the mechanisms and mode of operation of the components 24 utilized for heating the lens mold portions and 
the mechanical structure 26 for separating the lens mold halves from each other in order to enable removal of the 
molded lenses therefrom. Specific details regarding the structure and functioning of the mechanical lens mold separat- 
ing device are set forth hereinbelow with respect to Figures 9 through 13 of the drawings. 

10 [0021 ] Figures 3, 4a and 4b illustrate, respectively, top elevational and sectional side views of one embodiment of a 
first or front mold half 30 useful in the production of a contact lens by the polymerization of a monomer or monomer mix- 
ture in a mold assembly composed of two complementary front and base mold halves. The front mold half 30 is prefer- 
ably formed of polystyrene but could be any suitable thermoplastic polymer such as mentioned hereinabove which is 
sufficiently transparent to ultraviolet light to allow irradiation therethrough with light to promote the subsequent polym- 

is erization of a soft contact lens. A suitable thermoplastic such as polystyrene also has other desirable qualities such as 
being moldable to surfaces of optical quality at relatively low temperatures, having excellent flow characteristics and 
remaining amorphous during molding, not crystallizing, and evidencing minimal shrinkage during cooling. 
[0022] The front mold half 30 defines a central curved section with an optical quality concave surface 32, which has 
a circular circumferential knife edge 34 extending therearound. The edge 34, shown in detail A of Figure 4, is desirable 

20 to form a uniform plastic radius parting line (edge) for the subsequently molded soft contact lens. A generally parallel 
convex surface 36 is spaced from the concave surface 32, and an annular essentially uniplanar flange 38 is formed 
extending radially outwardly from the surfaces 32 and 36 in a plane normal (perpendicular) to the axis (of rotation) of 
the concave surface 32. The concave surface 32 has the dimensions of the front curve (power curve) of a contact lens 
to be produced by the front mold half, and is sufficiently smooth such that the surface of a contact lens formed by polym- 

25 erization of a polymerizable composition in contact with the surface is of optically acceptable quality. 

[0023] Figures 5 and 6 illustrate, respectively, top elevational and side views of one embodiment of a second, or back 
curve mold half 40. The back curve mold half is designed with all of the same design considerations mentioned herein- 
above with respect to the front curve mold half 30. 

[0024] The back curve mold half 40 is also preferably formed of polystyrene but could be any suitable thermoplastic 
30 such as those mentioned hereinabove which is transparent to ultraviolet light. The back curve mold half 40 defines a 
central curved section with an optical quality convex surface 42, a generally parallel concave surface 44 spaced from 
the convex surface 42, and an annular essentially uniplanar flange 46 formed extending radially outwardly from the sur- 
faces 42 and 44 in a plane normal to the axis (of rotation) of concave surface 44. The convex surface 42 has the dimin- 
ished dimensions of the rear curve (which rests upon the cornea of the eye) of a contact lens to be produced by the 
35 base mold half, and is sufficiently smooth such that the surface of a contact lens formed by polymerization of a polym- 
erizable composition in contact with the surface is of optically acceptable quality. 

[0025] The monomer and monomer mixtures for producing the contact lenses to which this process may be directed 
include copolymers based on 2-hydroxyethyl methacrylate ("HEMA") and one or more comonomers such as 2-hydrox- 
yethyl acrylate, methyl acrylate, methyl methacrylate, vinyl pyrrolidone, N-vinyl acrylamide, hydroxypropyl methacrylate, 
40 isobutyi methacrylate, styrene, ethoxyethyl methacrylate, methoxy triethyleneglycol methacrylate, glycidyl methacr- 
ylate, diacetone acrylamide, vinyl acetate, acrylamide, hydroxytrimethylene acrylate, methoxyethyl methacrylate, 
acrylic acid, methacryl acid, glyceryl methacrylate, and dimethylamino ethyl acrylate. 

[0026] A top view of a production line pallet 20 for carrying the above-mentioned lens mold halves is illustrated in Fig- 
ure 7, it being understood that all pallets 20 are interchangeable in that they may accommodate either front curve or 
45 back curve contact lens mold halves 30 or 40. In the embodiment shown in Figure 7, the pallet 20 is formed of alumi- 
num, whereas in another embodiment, the pallet 20 may be formed of stainless steel. 

[0027] Each pallet 20 contains a plurality of recesses for receiving a respective contact lens mold assembly 50 com- 
prising complimentary front and back curve mold halves 30 and 40 which jointly define the shape of the final desired 
lens. One such mold assembly 50 is shown seated within a recess 52 of the pallet in Figure 8. The contact lenses are 
so formed by placing an amount of polymerizable monomer or monomer mixture in each front curve {concave) mold half 
30 seated within a pallet recess 52. Then, the back curve (convex) mold half 40 is placed onto the polymerizable com- 
position 60 with the first and second mold halves aligned so that their axes of rotation are collinear and the respective 
flanges 38,46 are parallel. 

[0028] When desired, there may be effected the deposition of a thin and uniform layer or film of a surfactant onto spec- 
55 if ied flange surfaces of the front curves 30 prior to the assembling of the mold halves 30, 40 so as to enable easier sub- 
sequent separation of the back curves 40 therefrom and the concurrent removal of the HEMA-based ring material with 
the back curves 40. This avoids the step of having to manually remove the remnants of the excess material rings formed 
by molding material excessed during the molding of the hydrophilic polymer contact lenses, and avoids contamination 
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of the final package or the production line equipment that results from inadvertent error inherent in manual operations. 
[0029] As illustrated in Figure 8, a complimentary pair of front and back curve mold halves 30, 40 define the mold 
cavity 62 and th shape of the final desired lens. After the dosing step in a filling apparatus, in which the front concave 
mold half 30 is substantially filled with a polymerization mixture, the concave front mold half 30 is covered with the back 
5 curve mold half 40 under a vacuum to ensure that no air bubbles are trapped between the mold halves. The back curve 
mold half 40 is then brought to rest on the circumferential edge 34 of the concave front mold half 30 to sever the incipient 
lens from the excess monomer, to ensure that the resultant lenses are properly aligned and without distortion, and to 
form the mold assembly 50 which includes both mold halves 30, 40 and the incipient lens. 

[0030] The excess monomer or monomer mixture displaced from the mold cavity forms an excess material ring 68, 
10 which preferentially adheres to the underside of flange 46 of back curve mold half 40 by reason of an applied surfactant 
coating on flange 38 of the front curve mold half 30. The surfactant may be applied through the intermediary of an appa- 
ratus and method as described in copending contemporaneously filed case VTN-85 (see item 13 on the attached Con- 
cordance). 

[0031 ] During a pr ecu ring procedure, with the mold halves being again clamped together, subsequent to initial assem- 
75 bly thereof, the polymerization mixture is then exposed to actinic light, preferably from a UV lamp. Typically the mold 
halves 30, 40 are clamped for approximately 40 seconds with 30 seconds of actinic radiation. At the completion of the 
precure step, the polymerization mixture has formed a partially polymerized gel, with polymerization initiated through- 
out the mixture. Following the precure step, the monomer/solvent mixture is then cured in a UV oven apparatus 22, as 
shown in Figures 1 and 2, whereby polymerization is completed in the monomer(s). This irradiation with actinic visible 
20 or ultraviolet radiation produces a polymer/solvent mixture in the diminished shape of the final desired hydrogel lens. 
[0032] After the polymerization process is completed, the two halves 30, 40 of the mold are separated during a 
demolding step leaving the contact lens in the first or front curve mold half 30, from which it is subsequently removed. 
It should be mentioned that the front and back curve mold halves are used for a single molding and are then normally 
discarded. 

25 [0033] As illustrated in Figures 1 and 2, the pallets 20 containing the polymerized contact lenses in the mold assem- 
blies 50 exit the polymerization apparatus along two conveyors, i.e. dual-walking beams, and enter into the lens 
demolding and mold separating apparatus 10. The pallets 20 are transferred from their conveyors and positioned on a 
support 18a along a respective transport carrier of a dual walking beam conveyor 18. As described in copending case 
VTN-92 referred to above, the transport carrier comprises a plurality of respective spaced apart push blocks which 

30 move horizontally so as to precisely transport pallets 20 containing mold assemblies 50 into position within end through 
the demolding apparatus 10. 

[0034] In the preferred embodiment described in detail in the copending application referred to hereinabove, the trans- 
port carriers of the dual walking beam conveyor 1 8 carry the pallets 20 containing contact lens mold assemblies 50 into 
the demolding apparatus 10 where, preferably, the flange portions of the front curve and back curve mold halves are 

35 respectively restrained and gripped and pulled away from each other, either in directly opposite directions or through a 
subtended angular relationship therebetween in a prying type of motion. Advantageously, each contact lens mold 
assembly 50 is first heated moderately to facilitate separation of the polymerized contact lens article from the mold half 
surfaces. As explained in further detail in co-pending case VTN-82 referred to above, the demolding apparatus 10 
includes means for applying a precise amount of heat, which may be in the form of steam or laser energy, to the back 

40 curve lens mold portion 40 of the contact lens mold assembly 50, prior to prying apart the back curve mold half 40 from 
the front curve mold half 30 by a set of pry fingers that are inserted within the gap formed between the overlying flange 
portions of each mold half of the mold assembly. 

[0035] The formation of the temperature gradient is of significance, as previously mentioned. As mentioned herein- 
above, the adhesive force which is present between the molded lens and a mold surface is a function of temperature; 

45 in effect, a higher temperature leads to a lower adhesive force. Accordingly, a temperature gradient across the lens can 
thus be used to keep the lens preferentially adhering to one mold half. This effect is greatest when there is maximum 
thermal gradient. As time continues, heat is lost through conduction from the back mold portion 40 into the lens polymer 
and the front mold portion 30, and then collectively into the surrounding environment. The heated back moid portion is, 
therefore, promptly removed so that very little energy is transferred to the polymer lens, thereby avoiding the possibility 

so of thermal decomposition of the lens. 

[0036] Pursuant to alternate embodiments, there are contemplated two different ways of heating the back curve mold 
half 40 and demolding the mold assembly 50. In one of these two embodiments, heating the back curve mold half 40 
may be accomplished by the use of a source of electromagnetic radiation, preferably a carbon dioxide (CO2) laser, 
applied to at least one of the mold portions. The laser is preferably of about 80 Watts at a wavelength of 10.6 pm. The 

55 exposure of the mold portion to the laser is between one half and one second. 

[0037] The above objectives are attained by use of a source of electromagnetic radiation, preferably a carbon dioxide 
(C0 2 ) laser, applied to at least one of the mold portions and may be split into two beams to simultaneously heat the 
back curve of two mold assemblies 50. 
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[0038] In an embodiment for effecting mold heating, two mated mold portions 30, 40 containing a polymerized lens 
therebetween can be simultaneously heated by means of the apparatus. 

[0039] The second of the two embodiments for heating each back curve mold half 40 and demolding the mold assem- 
bly 50 uses steam as a high energy heat source. The mold separation apparatus of the second embodiment generally 

5 comprises steam heating apparatus 24 for heating the molds and two associated mechanical demolding devices 26, 
shown diagrammatically in Figures 1 and 2 for accomplishing the simultaneous demolding of two parallel lines of a plu- 
rality of contact lens molds 50 supported on pallets 20 and each containing an ophthalmic lens therein. The use of two 
parallel lines, such as dual walking beams, increases the throughput of the lens production line. 
[0040] The above-referenced embodiments for heating the mold parts are fully described in case VTN-92 referred to 

10 above. 

[0041] The mechanical demolding assemblies or devices 26 of the mold separation apparatus 10 each mechanically 
pry the back curve mold half 40 from the front curve half 30 of each contact lens mold assembly 50 to physically expose 
each polymerized contact lens situated in the lens mold for conveyance to a hydration station for hydration of the lenses. 
The prying process occurs under carefully controlled conditions, as explained in detail below, so that the back curve half 

is 40 will be separated from the front curve half 30 without destroying the integrity of the lens formed in the lens mold. To 
accomplish this, the mold separation apparatus 1 0 first prepares the back curve half 40 of each lens mold assembly 50 
to enable quick and efficient removal from its respective front curve 30 by applying a predetermined amount of heat, as 
previously mentioned, preferably in the form of a laser or steam, to the outer back curve half surface 44. 
[0042] Referring now in particular to the prying tool arrangement and operation for separating the front and back mold 

20 halves 30, 40, reference may now be had to the generally diagrammatic representations of Figures 9 through 1 3 of the 
drawings. 

[0043] As illustrated in Figures 9 and 10 of the drawings, showing a prying tool assembly 80 of the mechanical lens 
mold separating device 26 in respectively elevational end view and top plan view (partly in section), a pallet 20 contain- 
ing a plurality of contact lens mold assemblies 50, in a pair of rows, is shown as having been advanced to the demolding 

25 module 1 0 on the support 1 8a of a dual walking beam 1 8, shown in Figure 2. 

[0044] The demolding module or apparatus 10 includes an inverted T-bar structure 82 and horizontally extending 
lower fingers 84 which are stationary positioned above the upwardly facing flange surface of each respective front 
mold curve half 30, as shown in Figures 1 1 and 1 2 of the drawings, in order to prevent the front mold curve half 30 from 
being lifted out of the cavity 52 in which it is located in the pallet 20 during the prying apart and separation of the front 

30 and back mold curve halves 30, 40 in the demolding and mold separating apparatus 10. These fingers 84 may also, if 
desired, extend along both sides of the tab 64 extending from the front curve mold half 30 so as to secure the latter 
against rotation in the recess 52 of pallet 20 during the mechanical prying apart of mold curve halves 30 and 40. 
[0045] Concurrently, with the foregoing, an upper prying structure 86 including an inverted pry bar arrangement 88 is 
adapted to have pry fingers 90a and 90b adapted to be moved into selective engagement beneath the flange portion 

35 46 of the back or male mold curve half 40. as shown in Figures 1 1 , 1 2 and 1 3, and wherein pry fingers, which are shown 
in more specific detail in Figures 12 and 13 of the drawings, are located about the periphery of the flange so as to 
extend therebeneath in an essentially spaced arrangement as shown in Figure 13. In this particular instance, the pry 
bar arrangement 88 comprises three of the pry fingers 90a, 90b and 90c of which at least the first two are movable 
towards and away from each other in the direction of arrows C. Two of the prying fingers 90a and 90b are located 

40 spaced close to each other so as to engage beneath one end of the flange portion 46, whereas pry finger 90c is located 
so as to form a support proximate the opposite end of the flange 46 portion of a back curve mold half 40. as described 
hereinbelow. 

[0046] Referring to Figures 9, 10, 12 and 13, operating structure of the mold separation apparatus 10 which is 
adapted to activate the pry fingers 90a, 90b and 90c beneath the flange portion 46 of the back or male mold curve half 

45 40 of a mold assembly 50 is now described in detail. As shown in the drawings, the pry fingers 90a, 90b are movable 
radially outwardly and inwardly along the direction of arrows A, so as to be poshtionable in place beneath the flange por- 
tion 46 of the back mold curve half 40 while at the same time the stationary finger 84 and T-bar 82 retains the therewith 
associated flange portion 38 of the front curve mold half 30 in position in recess 52 on the pallet 20. 
[0047] Movement is imparted to the pry fingers 90a. 90b of the pry bar arrangement through operative structure com- 

50 prising rotatable cams 100a, 100b actuated from a drive motor 102 through suitable drive shaft interconnections 104. 
106, as shown in Figure 10. This movement may be a rotational or tilting displacement imparted to pry fingers 90a and 
90b in the direction of arrow D which, in conjunction with a lifting action imposed through a hydraulic piston unit 108, will 
cause the one end of the back mold half 40 to be lifted away from the front mold half 30 at an angular tilt. The pry finger 
90c serves to prevent the opposite end edge of the mold part 40 from sliding down during mold separation, so as to 

55 inhibit the lens contained in the cavity 62 of mold part 30 from being squashed and resultingly damaged. 

[0048] In order to control the separating action between the mold halves 30 and 40 so as to prevent any breakage of 
the mold half 40, the rotatable cams 100a, 100b provide for an intermittent and controlled rotational end thereby angular 
displacement of pry fingers 90a and 90b to produce a desired separating wavefront propagating at a constant velocity 
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across the back mold half 40. In essence, the initial tilting of the pry fingers may be to take up slack or tolerance gaps 
with regard to th flange surface on the back mold half which is contacted by the pry fingers, and may entail a fast move- 
ment of the cams. Thereafter, a stop or slow movement in combination with a lifting action may produce a slow wave- 
front propagation; followed by a fast movement through an excess material ring br ak away from the flange of the front 
5 mold half 30. The foregoing sequence may be readily varied to conform with the requirements of different types of mold 
assemblies 50 or kinds of materials employed. 

[0049] At the point in time when it is desired to separate the mold halves 30 and 40, a vertical lifting action is exerted 
against the prying fingers 90a through 90c engaging beneath the flange 46 of the male mold curve half 40, in the direc- 
tion of arrow D as shown in Figure 1 1 , and the selective rotational movement intermittently imparted to the pry fingers 

w of the apparatus represented in the drawings so as to implement the lifting effect at controlled rates extending across 
the periphery of the flange 46. The rotational pivoting of the pry fingers 90a and 90b about an axis extending perpen- 
dicular to the plane of the flange 46 of the back curve mold half 40 may be essentially intermittent or incremental stop- 
and-go at varying speeds and of only a few degrees, adequate to impart an angular upward lift to the flange 46 so as 
to provide a tilting and increasingly progressive "wavefronT like separating action between the mold halves 30 and 40. 

15 In effect, this will provide a gradual and controlled separation between the mold halves 30, 40, as shown in Figure 1 1 , 
from one end towards the opposite end so as to enhance the ease of separation between the two mold half portions 
while lessening the possibility of the contact lens which is located in the cavity of the front mold curve half 30, from being 
damaged. This lifting action of the back curve mold half 40 also causes the excess material ring, which was formed dur- 
ing the polymerization of the contact lens, to be raised in adherence to the upper or back curve mold half 40. Upon com- 

20 pletion of the mold separation sequence, the front mold halves 30 with the contact lenses disposed therein are then 
conducted out of the demolding apparatus 10 while supported on pallet 20. The back mold halves 40 (with excess 
material rings possibly still adherent thereto) are then released from engagement with the pry fingers 90a through 90c 
by operation of the rotatable cams 100a. 100b as controlled by drive motor 102, so as to drop into disposal bins which 
have been moved into place therebeneath. The thus separated back curve mold halves 40 which are dropped into the 

25 bins (not shown) are conveyed out of the apparatus 1 0 for disposal. 

[0050] Thereafter, the pallets 20 containing the front curve mold halves 30 with exposed contact lenses therein are 
subsequently transported to a hydration station for hydration and demolding from the front curve lens mold, inspection 
and final packaging. 

[0051] In principle, it is also possible to contemplate that the front curve is pryed off the back curve and the contact 
30 lens remains with the back curve rather than with the front curve during the demolding process. 

[0052] While there has been shown and described what are considered to be preferred embodiments of the invention, 
it will, of course, be understood that various modifications and changes in form or detail could readily be made without 
departing from the spirit of the invention. It is, therefore, intended that the invention be not limited to the exact form and 
detail herein shown and described, nor to anything less than the whole of the invention herein disclosed as hereinafter 
35 claimed. 
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Concordance of Johnson k Johnson Vision Products 
Applications Filed on 9th June 1995 

J&J Ref. Spec Ref . CiR Ref. Priority Appln. No. 

1. VTN-73 8997. KLK P13914EP USSN 257802 
Low oxygen molding of soft contact lenses. 

2. VTN-74 8998. KLK P13913EP USSN 258556 
Automated method and apparatus for hydrating soft contact 
lenses. 

3. VTN-75 8999. WCR P13909EP USSN 257801 
Laser demolding apparatus and method. 

15 4. VTN-76 9000. WCR P13908EP USSN 257794 

Molding arrangement to achieve short mold cycle time. 

5. VTN-77 9001-III.SF9 P13907EP USSN 257786 
Contact lens production line pallet system. 

20 

6. VTN-78 9002. JSS P13910EP USSN 258267 
Apparatus for removing and transporting articles from molds. 

7. VTN-79 9003-DTB P13947EP USSN 257785 

Mold halves and molding assembly for making contact lenses, 

25 

8. VTN-80 9004. KLK P13950EP USSN 258264 
Method and apparatus for contact lens mold filling and 
assembly. 



30 



9. VTN-81 9005-KLK P13949EP USSN 257791 
Automated apparatus and method for consolidating products for 
packaging. 

10. VTN-82 9006 . SF9 P13948EP USSN 258265 
Mold separation method and apparatus. 

11. VTN-83 9007. KLK P13945EP USSN 257792 
Mold clamping and precure of a polymerizable hydrogel. 

12. VTN-84 9008-LP P13946EP USSN 257871 
Method and apparatus for demolding ophthalmic contact lenses. 

40 

13. VTN-85 9009-LP P13993EP USSN 258263 
Method and apparatus for applying a surfactant to mold 
surfaces. 

14. VTN-86 9010-KLK P13995EP USSN 258557 

45 Automated apparatus and method for preparing contact lenses 

for inspection and packaging* 

15. VTN-87 9011-DTB P13994EP USSN 257799 
Ultraviolet cycling oven for polymerization of contact lenses. 

blJ 16. VTN-88 9012-LP P13997EP USSN 257795 

Printed label structure for packaging arrangements. 
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17 VTN-91 9015 . SF8 P13998EP USSN 257800 

Computer system for quality control correlations. 

5 18. VTN-92 9016. KLK P13996EP USSN 258654 

Consolidated contact lens molding. 

19. VTN-93 9017 .WCR P13999EP USSN 257787 

Packaging arrangement. 

10 20 VTN-96 9166-II. SF6 P14005EP USSN 257790 

Production line tracking and quality control system. 

VTN-101 9292. JSS P14009EP USSN 257857 

Lens inspection system and method. 

VTN-102 9293. JSS P14007EP USSN 258340 

System and method for inspecting lenses. 

23. VTN-140 9119. JSS P14008EP USSN 258266 

A method of positioning ophthalmic lenses. 

VTN-150 9167. SF5 P14006EP USSN 257793 

Interactive control system for packaging control. 



21. 

15 

22 



20 

24 



25. 

25 

26. 



30 



VTN-151 9168-LP P14003EP USSN 257789 

Apparatus and method for preparing printing labels. 

VTN-152 9169-LP P14004EP USSN 257788 

Apparatus and method for sterilization and secondary 
packaging. 



Claims 

35 

1 . A method of separating a back mold half from a front mold half of a contact lens mold assembly having a cavity 
between said mold halves for the formation therein of a contact lens, said back mold half having a central convexly 
curved surface surrounded by an outwardly extending flange portion and said front mold half having a central con- 
cavely curved surface surrounded by an outwardly extending flange portion; said mold separating method compris- 

40 ing the steps of: 

a) applying a restraining force to one said mold half for maintaining said mold half in a fixed position; 

b) imparting heat to said other mold half so as to provide a temperature differential between said mold halves; 
the method being characterized by the further step of : 

45 c) applying a lifting and a rotational force to said other mold half in a predetermined selective controlled pattern 

while maintaining-the restraint on said first mold half so as to effectuate gradual separation between said mold 
halves. 

2. The method as claimed in Claim 1 , wherein said restrained mold half comprises said front mold half. 

50 

3. The method as claimed in Claim 2, wherein first finger means are extended over the flange portion of said front 
mold half for fixedly restraining said front mold half in a mold pallet; a plurality of pry fingers are extended below the 
flange portion of said back mold half, and predetermined rotational and lifting movement imparted to said pry fin- 
gers for separating said back mold half from said front mold half. 

55 

4. The method as claimed in Claim 3. wherein said plurality of pry fingers are circumferentially spaced about said 
flange porti n of said back mold half and impart intermittent rotational movement to said back mold half in correla- 
tion with vertical lifting motion so as to gradually separate said mold halves in an angularly tilted separating orien- 
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tation. 

5. The method as claimed in Claim 4, wherein said rotational movement rotates said back mold half relative to said 
front mold half. 

5 

6. The method as claimed in Claim 1 , wherein said heating comprises applying heat to a surface of said back mold 
half. 

7. The method as claimed in Claim 6, wherein said heating of the back mold half surface is effectuated through the 
10 application of heated steam. 

8. The method as claimed in Claim 6, wherein said heating of the back mold half surface is effectuated by laser heat- 
ing. 

is 9. The method as claimed in Claim 1 , wherein said restraining force for maintaining said one mold half in fixed position 
comprises positioning restraining finger members above the flange portion of said one mold half. 

10. The method as claimed in Claim 1 , wherein said heat is propagated across the surface of said other mold half so 
as to provide a temperature gradation over said mold half surface. 

20 

1 1 . The method as claimed in Claim 1 , wherein said other mold half is heated to a temperature higher than the temper- 
ature of the contact lens contained in said mold assembly. 

12. The method as claimed in Claim 9, wherein said flange portions of said mold halves are in parallel spaced super- 
25 position, said finger members for retaining said front mold half in fixed position and said pry fingers for separating 

said back mold half from said front mold half extending into the space between said flange portions. 

13. The method as claimed in Claim 12, wherein the surface of the flange portion of said front mold half is coated with 
a surfactant so as to enable a ring of lens molding material formed between said flange portions to adhere to the 

30 flange portion of said back mold half upon said back mold half being separated from said front mold half. 

14. The method as claimed in Claim 4, wherein at least two of said pry fingers engage the flange portion of said back 
mold half so as to cause said back mold half to rotate in unison with incremental rotational displacement imparted 
to said pry fingers. 

35 

15. The method as claimed in Claim 1, wherein a vertical lifting motion is imparted to said other mold half from two 
opposite sides thereof to generate balanced forces to inhibit damage being encountered by the contact lens. 

1 6. An apparatus for separating a back mold half from a front mold half of a contact lens mold assembly having a cavity 
40 between said mold halves for the formation therein of a contact lens, said back mold half having a central convexly 

curved surface surrounded by an outwardly extending flange portion and said front mold half having a central con- 
cavely curved surface surrounded by an outwardly extending flange portion; said mold separating apparatus 
method comprising: 

45 a) means for applying a restraining force to one said mold half for maintaining said mold half in a fixed position; 

b) means for imparting heat to said other mold half so as to provide a temperature differential between said 
mold halves; 

the apparatus being characterized by further comprising : 

c) means for applying a lifting and a rotational force to said other mold half in a predetermined selective con- 
so trolled pattern while maintaining the restraint on said first mold half so as to effectuate gradual separation 

between said mold halves. 

17. The apparatus as claimed in Claim 16, wherein said restrained mold half comprises said front mold half. 

55 18. The apparatus as claimed in Claim 1 7, wherein first finger means are extended over the flange portion of said front 
mold half for fixedly restraining said front mold half in a mold pallet; a plurality of pry fingers are extended below the 
flange portion of said back mold half, and said force applying means imparting a predetermined rotational and lift- 
ing movement to said pry fingers for separating said back mold half from said front mold half. 
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1 9. The apparatus as claimed in Claim 1 8, wherein said plurality of pry fingers are circumferentially spaced about said 
flange portion of said back mold half and impart intermittent incremental rotational movement to said back mold half 
in correlation with vertical lifting motion so as to gradually separate said mold halves in an angularly tilted separat- 
ing orientation. 

20. The apparatus as claimed in Claim 19, wherein said rotational movement angularly displaces said back mold half 
relative to said front mold half. 

21. The apparatus as claimed in Claim 16, wherein heating means applies heat to a surface of said back mold half. 

22. The apparatus as claimed in Claim 21, wherein said heating means for the back mold half surface comprises 
means for the application of heated steam. 

23. The apparatus as claimed in Claim 21, wherein said heating means for the back mold half surface comprises a 
laser. 

24. The apparatus as claimed in Claim 16, wherein said restraining force means for maintaining said one mold half in 
fixed position comprises means for positioning finger members above the flange portion of said one mold half. 

25. The apparatus as claimed in Claim 16, wherein said heating means propagates heat across the surface of said 
other mold half so as to provide a temperature graduation over said mold half surface. 

26. The apparatus as claimed in Claim 16. wherein said heating means heats said other mold half to a temperature 
higher than the temperature of the contact lens contained in said mold assembly. 

27. The apparatus as claimed in Claim 24, wherein said flange portions of said mold halves are in parallel spaced 
superposition, said finger members for retaining said front mold half in fixed position and said pry fingers for sepa- 
rating said back mold half from said front mold half extending into the space between said flange portions. 

28. The apparatus as claimed in Claim 27, wherein the surface of the flange portion of said front mold half is coated 
with a surfactant so as to enable a ring of lens molding material formed between said flange portions to adhere to 
the flange portion of said back mold half upon said back mold half being separated from said front mold half. 

29. The apparatus as claimed in Claim 19, wherein at least two of said pry fingers engage the flange portion of said 
back mold half so as to cause said back mold half to rotate in unison with incremental rotational displacement 
imparted to said pry fingers. 

30. The apparatus as claimed in Claim 18, wherein said force applying means comprises rotatable cam members; and 
drive means for controllably actuating said cam members. 

Patentanspruche 

1. Verfahren zum Trennen einer hinteren Formhaifte von einer vorderen Formhaifte einer Formvorrichtung fur Kon- 
taktlinsen, die eine Vertiefung zwischen diesen Formhalften aufweist. urn darin Kontaktlinsen zu formen, wobei die 
hirrtere Formhaifte eine zentrale konvexe Oberfiache aufweist, die von einem nach auBen sich erstreckenden 
Flanschteil umgeben ist und wobei die vordere Formhaifte eine zentrale konkave Oberfiache aufweist, die von 
einem nach auBen sich erstreckenden Flanschteil umgeben ist und das Verfahren zum Trennen die folgenden 
Schritte umfaBt: 

a) Beaufschlagen einer der Formhalften mit einer Ruckhaltekraft, urn diese Formhaifte ortsfest zu halten; 

b) Beaufschlagen der anderen Formhaifte mit warme, urn zwischen den Formhalften eine Temperaturdifferenz 
zu erzeugen, wobei das Verfahren durch den folgenden weiteren Schritt gekennzeichnet ist: 

c) Beaufschlagen der anderen Formhaifte mit einer Hub- und Rotationskraft nach einem vorher festgelegten 
selektiv gesteuerten Muster, wahrend das Ruckhalten der ersten Formhaifte aufrechterhalten wird, urn eine 
allmahliche Trennung der Formhalften zu bewirken. 
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2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die zuruckgehaltene Formhaifte die vordere Formhaifte 
ist. 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB erste Finger sich Qber den Flanschbereich der vorderen 
5 Formhaifte erstrecken, urn diese fest auf einer Formpalettte zuruckzuhalten; daB mehrere Hubfinger sich unterhalb 

des Flanschbereiches der hinteren Formhaifte erstrecken und daB eine vorher bestimmte Dreh- und Hubbewegung 
auf die Hubfinger ausgeubt wird, urn die hintere Formhaifte von der vorderen Formhaifte zu trennen. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die mehreren Hubfinger raumlich beabstandet auf dem 
10 Umfang des Flanschbereiches der hinteren Formhaifte vorgesehen sind und auf die hintere Formhaifte intermittie- 

rende Drehbewegungen in Verbindung mit vertikalen Hubbewegungen ausiiben, so daB die Formhaiften unter 
einer winklig geneigten Trennrichtung allmahlich getrennt werden. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB bei der Drehbewegung die hintere Formhaifte relativ zur 
is vorderen Formhaifte gedreht wird. 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB das Erwarmen durch das Beaufschlagen einer Oberf la- 
che der hinteren Formhaifte mit Warme erfolgt. 

20 7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB das Erwarmen der Oberf lache der hinteren Formhaifte 
durch die Anwendung von heiBem Dampf erfolgt. 

8. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB das Erwarmen der Oberf lache der hinteren Formhaifte 
durch Laser-Erwarmung erfolgt. 

25 

9. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Ruckhaltekraft zum Halten einer Formhaifte in einer 
festen Position durch Ruckhalte-Fingerelemente aufgebracht wird, die sich uber den Flanschbereich der einen 
Formhaifte erstrecken. 

30 1 0. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Warme sich uber die Oberf lache der anderen Form- 
haifte ausbreitet, so daB die Oberf lache der Formhaifte einen Temperaturgradienten aufweist. 

11. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die andere Formhaifte auf eine Temperatur aufgeheizt 
wird, die heher als die Temperatur der in der Formvorrichtung gehaltenen Kontaktlinse ist. 

35 

12. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB die Flanschbereiche der Formhaiften sich parallel im 
Abstand voneinander uberlagern, wobei die Fingerelemente zum Zuruckhalten der vorderen Formhaifte in festen 
Positionen und die Hubfinger zum Trennen der hinteren Formhaifte von der vorderen Formhaifte sich in die Raume 
zwischen den Flanschbereich en hinein erstrecken. 

40 

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB die Oberf lache der Flanschbereiche der vorderen 
Formhaifte mit einem oberfiachenaktiven Stoff uberzogen ist, so daB ein Ring aus dem linsenbildenden Material, 
der sich zwischen den Flanschbereichen gebildet hat, an den Flanschbereichen der hinteren Formhaifte auf der- 
selben, die von der vorderen Formhaifte getrennt wird, anhaften kann. 

45 

14. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB wenigstens zwei der Hubfinger mit dem Flanschbereich 
der hinteren Formhaifte in Eingriff stehen, so daB sich die hintere Formhaifte entsprechend der Schrittbewegung 
der auf die Hubfinger wirkenden Rotationsbewegungen dreht. 

so 1 5. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die andere Formhaifte an zwei ihrer sich gegenuberlie- 
genden Seiten eine vertikale Hubbewegung erfahrt, urn ein Kraftegleichgewicht zur Vermeidung von Schaden an 
den Kontaktlinsen zu erzeugen. 

16. Vorrichtung zum Trennen einer hinteren Formhaifte von einer vorderen Formhaifte einer Formvorrichtung fur Kon- 
55 taktlinsen, die eine Vertiefung zwischen diesen Formhaiften aufweist, urn darin Kontaktlinsen zu formen, wobei die 
hintere Formhaifte eine zentrale konvexe Oberfiache aufweist, die von einem nach auBen sich erstreckenden 
Flanschteil umgeben ist, und wobei die vordere Formhaifte eine zentrale konkave Oberfiache aufweist, die von 
einem nach auBen sich erstr ckenden Flanschteil umgeben ist, wobei diese Trennvorrichtung umfaBt: 
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a) eine Einrichtung, um die eine Formhaifte mit einer Ruckhaltekraft zu beaufschlagen, um diese Formhaifte 
ortsfest zu halten; 

b) eine Einrichtung, um die andere Formhaifte mit warme zu beaufschlagen, um eine unterschiedliche Tem- 
5 peratur zwischen den Formhaiften zu erreichen und die Vorrichtung dadurch gekennzeichnet ist, daB sie wei- 

terhin umfaBt: 

c) eine Einrichtung, um die andere Formhaifte nach einem vorher festgelegten selektiv gesteuerten Muster mit 
einer Hub- und Rotationskraft zu beaufschlagen, wdhrend das Ruckhalten der ersten Formhaifte aufrechter- 

10 halten wird, um eine allmahliche Trennung zwischen den Formhaiften zu bewirken. 

17. Vorrichtung gemaB Anspruch 16, dadurch gekennzeichnet. daB die zuruckgehaltene Formhaifte die vordere Form- 
haifte ist. 

is 18. Vorrichtung gemaB Anspruch 17, dadurch gekennzeichnet, daB erste Rngerausfuhrungen sich uber den Flansch- 
bereich der vorderen Formhaifte erstrecken, um diese fest auf einer Formpalettte zu halten; daB mehrere Hubf in- 
ger sich unterhalb des Flanschbereiches der hinteren Formhaifte erstrecken und daB die kraftbeaufschlagenden 
Mittel eine vorher bestimmte Dreh- und Hubbewegung auf die Hubfinger ausuben, um die hintere Formhaifte von 
der vorderen Formhaifte zu trennen. 

20 

19. Vorrichtung gemaB Anspruch 18, dadurch gekennzeichnet, daB die mehreren Hubfinger raumlich beabstandet auf 
dem Umfang des Flanschbereiches der hinteren Formhaifte vorgesehen sind und auf die hintere Formhaifte inter- 
mittierende inkrementale Drehbewegungen ausQben in Verbindung mit vertikalen Hubbewegungen, um die Form- 
haiften bei winWig geneigter Trennrichtung allmahlich zu trennen. 

25 

20. Vorrichtung gemaB Anspruch 19, dadurch gekennzeichnet, daB die Drehbewegung die hintere Formhaifte relativ 
zur vorderen Formhaifte winWig verschiebt. 

21. Vorrichtung gemaB Anspruch 16, dadurch gekennzeichnet, daB die Einrichtung zum Erwarmen eine Oberfiache 
30 der hinteren Formhaifte mit Warme beaufschlagt. 

22. Vorrichtung gemaB Anspruch 21 , dadurch gekennzeichnet, daB die Einrichtung zum Erwarmen der Oberfiache der 
hinteren Formhaifte eine Einrichtung zur Anwendung von erhitztem Dampf ist. 

35 23. Vorrichtung gemaB Anspruch 21 , dadurch gekennzeichnet, daB die Einrichtung zum Erwarmen der Oberfiache der 
hinteren Formhaifte aus einem Laser besteht. 

24. Vorrichtung gemaB Anspruch 16, dadurch gekennzeichnet, daB die Einrichtung zur Beaufschlagung mit einer 
Ruckhaltekraft, um die eine Formhaifte in einer festen Position zu halten, aus einer Einrichtung besteht, welche die 

40 Fingerelemente Ober dem Flanschbereich der einen Formhaifte positioniert. 

25. Vorrichtung gemaB Anspruch 16, dadurch gekennzeichnet, daB die Einrichtung zum Erwarmen die Warme derart 
uber die Oberfiache der anderen Formhaifte ausbreitet. daB die Oberfiache der Formhaifte eine Temperaturabstu- 
fung aufweist. 

45 

26. Vorrichtung gemaB Anspruch 16, dadurch gekennzeichnet. daB die Einrichtung zur Erwarmung die andere Form- 
haifte auf eine Temperatur aufheizt. welche hOher als die Temperatur der in der Formvorrichtung gehaltenen Kon- 
taktlinse ist. 

so 27. Vorrichtung gemaB Anspruch 24, dadurch gekennzeichnet, daB die Flanschbereich e der Formhaiften sich parallel 
beabstandet Oberlagern, wobei die Fingerelemente zum Zuruckhalten der vorderen Formhaifte in festen Positionen 
und die Hubfinger zum Trennen der hinteren Formhaifte von der vorderen Formhaifte sich in die Raume zwischen 
den Flanschbereichen erstrecken. 

55 28. Vorrichtung gemaB Anspruch 27, dadurch gekennzeichnet, daB die Oberfiache der Flanschbereiche der vorderen 
Formhaifte mit einem oberfiachenaktiven Mittel uberzogen ist. so daB ein Ring aus dem linsenbikJenden Material, 
der sich zwischen den Flanschbereichen gebildet hat. an den Flanschbereichen der hinteren Formhaifte auf der- 
selben. die von der vorderen Formhaifte getrennt wird. anhaften kann. 
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29. Vorrichtung gemSB Anspruch 19, dadurch gekennzeichnet, dalB wenigstens zwei der Hubfinger mlt dem Flansch- 
b reich der hinteren Formhaifte in Eingriff stehen, so da3 die hintere Formhaifte in Obereinstimmung mit den Inkre- 
menten der auf die Hubfinger wirkenden Rotationsbewegungen sich dreht. 

s 30. Vorrichtung gemaB Anspruch 18, dadurch gekennzeichnet. da(3 die kraftbeaufschlagenden Mittel drehbare Nok- 
kenelemente und Antriebsmittel zur gesteuerten Betatigung dieser Nokkenelemente enthalten. 

Revendications 

10 1 . Procede de separation d'une moitie de moule arriere d'une moitie de moule avant d'un ensemble de moulage pour 
lentilles de contact ayant une cavity entre lesdites moities de moule pour la formation k I'int6rieur de celles-ci d'une 
lentille de contact, ladite moitie de moule arriere ayant une surface centrale incurvee de maniere convexe entouree 
par une partie de flasque s'etendant vers I'exterieur et ladite moitie de moule avant ayant une surface centrale 
incurvee de manure concave entouree par une partie de flasque s'etendant vers I'exterieur ; ledit procede de s6pa- 

15 ration de moule comprenant les etapes consistant a : 

a) appliquer une force de maintien k ladite premiere moitie de moule pour maintenir ladite moitie de moule 
dans une position fixe ; 

b) appliquer de la chaleur k ladite autre moitie de moule afin de cr6er un differentiel de temperature entre les- 
20 dites moities de moule ; 

le procede etant caracterise par l'6tape supplemental consistant k : 

c) appliquer une force de souievement et de rotation a ladite autre moitie de moule selon un motif predetermine 
commande de mani&re selective tout en maintenant la retenue sur ladite premiere moitie de moule afin de r6a- 
liser une separation progressive desdites moities de moule. 

25 

2. Proc6d6 selon la revendication 1 , dans lequel ladite moitie de moule maintenue comprend ladite moitie de moule 
avant. 

3. Proc6d6 selon la revendication 2, dans lequel des premiers moyens de doigts s'etendent sur la partie de flasque 
30 de ladite moitie de moule avant pour maintenir fixement ladite moitie de moule avant dans une palette pour moule, 

une plurality de doigts de degagement s'etendent au-dessous de la partie de flasque de ladite moitie de moule 
arriere, et un mouvement de rotation et de souievement predetermine est imprime auxdits doigts de degagement 
pour s6parer ladite moitie de moule arriere de ladite moitie de moule avant. 

35 4. Precede selon la revendication 3, dans lequel ladite plurality de doigts de degagement est espacee tout autour de 
ladite partie de flasque de ladite moitie de moule arriere et imprime un mouvement de rotation intermittent k ladite 
moitie de moule arriere en correlation avec un mouvement de souievement vertical afin de s6parer progressive- 
ment lesdites moities de moule selon une orientation de separation inclinee de maniere angulaire. 

40 5. Procede selon la revendication 4, dans lequel ledit mouvement de rotation fait tourner ladite moitie de moule arriere 
par rapport k ladite moitie de moule avant. 

6. Procede selon la revendication 1 , dans lequel ledit chauffage comprend I'application de chaleur sur une surface de 
ladite moitie de moule arriere. 

45 

7. Procede selon la revendication 6, dans lequel ledit chauffage de la surface de moitie de moule arriere s'effectue 
par I'application de vapeur chauffee. 

8. Procede selon la revendication 6, dans lequel ledit chauffage de la surface de moitie de moule arriere s'effectue 
so par chauffage au laser. 

9. Procede selon la revendication 1 , dans lequel ladite force de maintien afin de maintenir ladite premiere moitie de 
moule en position fixe comprend le positionnement d'eiements formant doigts de maintien au-dessusde la partie 
de flasque de ladite premiere moitie de moule. 

55 

10. Procede selon la revendication 1, dans lequel ladite chaleur se propage sur la surface de ladite autre moitie de 
moule pour fournir une gradation de temperature sur ladite surface de moitie de moule. 
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11. Procgdg selon la revendication 1, dans lequel ladrte autre moitig de moule est chauffge & une temperature supg- 
rieur a. la temperature de la lentille de contact contenue dans ledrt ensemble de moulage. 

1 2. Proc6d6 selon la revendication 9, dans lequel lesdites parties de f lasque desdites moittes de moule sorrt en super- 
s position parailgle espac6e, iesdits elements formant doigts pour maintenir ladrte moitig de moule avant en position 

fixe et Iesdits doigts de degagement pour sparer ladite moitig de moule arrigre de ladite mortis de moule avant 
s'gtendant dans I'espace entre lesdites parties de f lasque. 

13. Procgd6 selon la revendication 12, dans lequel la surface de la parte def lasque de ladite moitie de moule avant 
w est revenue d'un tensioactif af in de permettre k un anneau de materiau servant au moulage d'une lentille formge 

entre lesdites parties de flasque d'adherer k la parte de f lasque de ladite moitie de moule arrive lorsque ladite 
moitie de moule arrigre se separe de ladite moitie de moule avant. 

14. Procgdg selon la revendication 4, dans lequel au moins deux desdits doigts de degagement viennent en prise avec 
is la parte de flasque de ladite moitie de moule arrive afin de provoquer la rotation de ladite moitie de moule arrive 

de concert avec le dgplacement en rotation incr6mentiel imprime auxdrts doigts de degagement. 

15. Proc6d6 selon la revendication 1, dans lequel un mouvement de souievement vertical est imprimg k ladite autre 
moitie de moule depuis ses deux c6t6s opposes pour generer des forces 6quilibr6es afin d'gviter tout endomma- 

20 gement de la lentille de contact. 

16. Dispositif pour separer une moitie de moule arrigre d'une mortis de moule avant d'un ensemble de moulage pour 
lentille de contact ayant une cavite entre lesdites moities de moule pour la formation k I'irrterieur de celle-ci d'une 
lentille de contact, ladite moitie de moule arrive ayant une surface centrale incurvee de manigre convexe entourge 

25 par une partie de flasque s'gtendant vers I'exterieur et ladite moitig de moule avant ayant une surface centrale 
incurvee de manigre concave entouree par une partie de flasque s'etendant vers I'exterieur, Iesdits dispositif et pro- 
cgdg de separation de moule comprenant : 

a) des moyens pour appiiquer une force de maintien sur ladite premiere moitig de moule pour maintenir ladite 
30 moitig de moule dans une position fixe ; 

b) des moyens pour appiiquer de la chaleur k ladite autre moitig de moule afin de crger un drffgrentiel de tem- 
perature entre lesdites moiti6s de moule ; 

le dispositif etant caracterise par le fait de comprendre en outre : 

c) des moyens pour appiiquer une force de souievement et de rotation k ladite autre moitie de moule selon un 
35 motif predetermine commande de manigre selective tout en maintenant la retenue sur ladite premiere moitie 

de moule afin de rgaliser une separation progressive desdites moities de moule. 

1 7. Dispositif selon la revendication 1 6, dans lequel ladite moitie de moule maintenue comprend ladite moitie de moule 
avant 

40 

18. Dispositif selon la revendication 17, dans lequel les premiers moyens formant doigts s'etendent sur la partie de 
flasque de ladite moitie de moule avant pour maintenir fixement ladite moitie de moule avant dans une palette pour 
moule, une pluraltte de doigts de degagement s'etendent au-dessous de la partie de flasque de ladite moitie de 
moule arrigre, et Iesdits moyens d'application de la force imprimant un mouvement de rotation et de souievement 

45 prgdgterming auxdits doigts de dggagement pour sgparer ladite moitig de moule arrigre de ladite moitig de moule 
avant. 

19. Dispositif selon la revendication 18, dans lequel ladite plurality de doigts de degagement est espac£e circonfgren- 
tieliement autour de ladite partie de flasque de ladite moitie de moule arrigre et imprime un mouvement de rotation 

so incrgmentiel intermittent & ladite moiti'6 de moule arrigre en corrglation avec un mouvement de soulgvement verti- 
cal afin de sgparer progressivement lesdites moities de moule selon une orientation de separation indinge de 
manigre angulaire. 

20. Dispositif selon la revendication 19, dans lequel ledrt mouvement de rotation dgplace de manigre angulaire ladite 
55 moitig de moule arrigre par rapport k ladite moitig de moule avant. 

21. Dispositif selon la revendication 16, dans lequel les moyens de chauffage appfiquent de la chaleur sur une surface 
d ladite moitig de moule arrigre. 
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22. Dispositif selon la revendication 21 , dans lequel lesdits moyens de chauffage pour la surface de moitig de moule 
arrigre comprennent des moyens pour appliquer de (a vapeur chauffge. 

23. Dispositif selon la revendication 21 , dans lequel lesdits moyens de chauffage pour la surface de moitig de moule 
arrigre comprennent un laser. 

24. Dispositif selon la revendication 16, dans lequel lesdits moyens de force de maintien pour maintenir ladite premiere 
moitig de moule en position fixe comprennent des moyens pour placer des glgments formant doigts au-dessus de 
la partie de flasque de ladite premi&re moitig de moule. 

25. Dispositif selon la revendication 16, dans lequel lesdits moyens de chauffage propagent la chaleur sur la surface 
de ladite autre moitig de moule afin de crger une gradation de temperature sur ladite surface de moitig de moule. 

26. Dispositif selon la revendication 16, dans lequel lesdits moyens de chauffage chauffent ladite autre moitig de moule 
k une temperature supgrieure & la temperature de la lentille de contact contenue dans ledit ensemble de moulage. 

27. Dispositif selon la revendication 24, dans lequel lesdites parties de flasque desdites moitigs de moule sont en 
superposition parallgle espacge, lesdits glgments formant doigts pour maintenir ladite moitig de moule avant en 
position fixe et lesdits doigts de dggagement pour sgparer ladite moitig de moule arrigre de ladite moitig de moule 
avant s'gtendant dans I'espace errtre lesdites parties de flasque. 

28. Dispositif selon la revendication 27, dans lequel la surface de la partie de flasque de ladite moitig de moule avant 
est revStue d'un tensioactif afin de permettre & un anneau de matgriau de moulage pour lentille forme entre lesdites 
parties de flasque d'adhgrer & la partie de flasque de ladite moitig de moule arrigre lorsque ladite moitig de moule 
arrigre est sgparge de ladite moitig de moule avant. 

29. Dispositif selon la revendication 19, dans lequel au moins deux desdits doigts de dggagement viennent en prise 
avec la partie de flasque de ladite moitig de moule arrigre afin d'entraTner la rotation de ladite moitig de moule 
arrigre de concert avec le dgplacement par rotation imprimg auxdits doigts de dggagement. 

30. Dispositif selon fa revendication 18, dans lequel lesdits moyens pour appliquer une force comprennent des ele- 
ments formant cames relatives, et des moyens d'errtraTnement pour actionner de manigre contrdlge lesdits glg- 
ments formant cames. 
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